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HISTOPATHOLOGIC RESPONSE OF MICE TO KILLED VACCINES
OF COCCIDIOIDEJS IMMITIS*
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Three types of killed Vaccines of Cocci-
dioides immitis have received most attention
in experimental immunization studies: for-
malin-killed spherules, formalin-killed arthro-
spores and formalin-killed myeelium. While
all 3 have provided some degree of protection
against challenge with virulent C. immitis,
the spherule Vaccine has been more effective
against respiratory challenge (1). It was con-
sidered of importance to study the histopatho-
logic response to these 3 vaccines, in an effort
to find some difference in the local response to
account in part for the superiority of the
spherule vaccine.
It had been noted that injection of all 3
vaccines results in local irritant action in ani-
mals, extending to necrosis. Inasmuch as the
spherule vaccine is receiving further testing
in human subjects (2), it was important to
study what specific local changes are induced
in injected tissue sites.
MATERIALS AND METHODS
Vaccines. C. immilis strain Silveira was used
throughout. Spherule vaecine,t prepared as de-
scribed by Levine et ci. (1), was adjusted to a
concentration of 8 mg per ml (dry weight) in 0.85
per cent NaCl containing 0.5 per cent formalin
(0.185 per cent formaldehyde).
Arthrospore vaccine was prepared from spores
harvested from cultures on 2 per cent glucose-i
per cent yeast extract (Difco) and 2 per cant agar
in petri dishes. These were killed in 0.5 per cant
formalin in saline and refrigerated at 40 C. for 1
month. The suspension was adjusted to 8.0 mg per
1 ml (dry weight) prior to use.
Mycelial vaccine was prepared from mycelium
grown for 6 days at 340 C. on a rotary shaker.
The cells were grown in 500-mi Erlenmeycr flasks
containing 200 ml of 2 per cent glucose-i per cent
yeast extract broth. They were harvested on filter
paper in a Buchner funnel and washed with sterile
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saline. The cells were then resuspended in saline.
Although a finely divided, well-dispersed suspen-
sion was obtained, the suspension was subjected
to 5 five-second bursts in a chilled Waring blender
to assure passage through a hypodermic needle.
This suspension was adjusted to 8.0 mg per 1 ml
(dry weight) in 0.5 per cent formalin-saline.
Animals. The vaccines were administered to 5-
week-old female white mice of the Namru strain.
Four groups of 50 mice were used: the first group
of mice was given spherule vaccine; the second,
arthrospore vaccine; the third, mycelial vaccine.
The fourth group was retained as controls without
vaccine, but given 0.5 per cent formalin intramus-
cularly.
Procedure. The lateral aspect of the thigh of the
left hind limb was shaved with a razor blade,
washed with 70 per cent alcohol, and 0.1 ml of
vaccine administered intramuscularly through the
shaved area. At intervals thereafter, 4 mice of each
vaccinated group were sacrificed by cervical disar-
ticulation. A portion of tissue roughly 5 mm in di-
ameter was taken at the site of vaccination by dis-
section with iris scissors. The tissue was fixed in
Technicon PU 48 (Zenkers') fixative for 48 hours.
After standard paraffin embedding, sections were
cut at 6 ,e thickness. Sections were stained with
bematoxylin and eosin (H and E), with periodic
acid-Schiff (PAS) stains, and with Wilder's re-
ticulum stain (3).
Immunogenicity of the 3 vaccines assessed by
intranasal challenge with C. immitis was compara-
ble to that of earlier preparations, the spherules be-
ing most effective.
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RESULTS
Gross effects of vaccines.—A gradual swell-
ing occurred at the site of vaccination. This
was roughly 5 mm in diameter 1 week after
injection, and on excision was found to con-
tain a purulent exudate. At 2 weeks there was
pronounced swelling of virtually all vaccina-
tion sites, and again a purulent exudate ap-
parent locally.
At 3 and 4 weeks, the nodular sites con-
tained exudate of thicker consistency and had
a tendency to "shell out" of the local site,
making it difficult to retain the vaccination
site intact in fixative.
It'Iicroscopic characteristics of vaccination
sites—Formation of an abscess was the char-
acteristic response to the injection of the 3
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Fio. 1A. Spherules in exudate of vaccination site 24 hours after injection showing closely
applied phagocytes, some of which are clearly polymorphonuclear granulocytes. H and E.
Do. lB. Intense polymorphonuclear reaction and necrosis induced by killed spherules(arrows) in intramuscular site 48 hours after injection. H and E.
types of vaccine. The deposited clumps of fun-
gus cells were surrounded by polymorphonu-
clear leukoeytes (Fig. 1A). The spherules,
arthrospores, or hyphae present in a large mass
in the early lesion (up to 72 hours) later be-
came dispersed.
Intense polymorphonuclear cell reaction with
pycnosis and karyorrhexis were evident at 48
hours (Fig. 1B). At 72 and 96 hours, the dep-
osition of amorphous necrotic material had
increased. Inflammatory infiltration and de-
generation of skeletal muscle fibers occurred
at 72 and 96 hours, and at 1 week was marked
(Fig. 2). By 96 hours, larger mononuclear
cells were apparent among the debris inside
the margin of the abscess. By 1 week after in-
jection of vaccine, these mononuclear cells,
some of which were loosely scattered among
the fluid material of the abscess cavity, be-
came accumulated in a broader coherent zone
abutting on the fibroblastic periphery which
had now developed.
During the ensuing 3 weeks, the amount of
necrotic material diminished slightly and
amorphous, slightly cosinophilic material ac-
cumulated. However, throughout the period of
observation, polymorphonuclear cells persisted
in the lesion or infiltrated the peripheral regions.
The fibroblastic wall deposited around the
abscess demonstrated no peculiarities. Reticu-
lum fibers were abundant in the well devel-
oped wall at 2 weeks' time.
The large mononuclear cells which lay
within the fibrous capsule were noted to be
epithelioid in appearance at 1 week. The cy-
toplasm became vesiculatcd or finely reticu-
lated. Some of them remained loosely ar-
ranged or discrete and contained fungus cells
in their cytoplasm (Fig. 3A, 3B). At 1
week, early aggregation of these cells was evi-
dent within the fibroblastic capsule, and by
2 weeks they constituted a coherent zone (Fig.
4). At 3 and 4 weeks, they formed a dense
sheet with few other cells in their interstices
(Fig. ÔA, 5B). The appearance of the indi-
vidual cells and their pattern were essen-
tially the same, regardless of the morphologic
form of C. immitis injected (Fig. 5C).
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Fm. 2. Pus formation and necrosis of striated muscle, 1 week after injection of killed
spherules (arrows). H and E.
No morphologic changes in the fungus cells
were discernible in H and E- or PAS-stained
sections during the time of the study. The
eoecidioides cells became dispersed with time
and were sparse at 4 weeks. Whether this was
due to dilution within the abscess or whether
some of these had been digested and/or trans-
ported out of the lesion was not determined.
Injection of formalin alone led to a mild in-
flammatory reaction which faded after the
first week. Some skeletal muscle fibers under-
went degeneration. Interestingly, the cellular
infiltrate consisted of more mononuclear cells
and fewer polymorphonuclears than in early
stages after Vaccine injection.
DISCUSSION
Essentially similar histopathologie responses
were elicited by the 3 morphologic forms of C.
immitis. It was not possible, therefore, to ascribe
the greater immunogenic activity of killed spher-
ules to a distinctive host response at the intra-
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Fin. 3A. Spherules phagocytosed in vaccination site at 2 weeks by large mononuclear cells
in company with several other of the cells showing vesiculated or finely reticulated cyto-
plasm. H and E.
Fie. 3B. Area of exudate of site of vaccination with spherules at 2 weeks, showing loose
epithelioid cells with vesiculated or reticulated cytoplasm with scattered polymorphonuclear
cells. H and E.
muscular site of injection. Abscesses with similar
necrosis and encapsulating reaction developed
after injection of killed C. irnmitis and persisted
for at least 1 month. Fungal elements were still
demonstrable, apparently unaltered, in the le-
sions at 1 month after injection. To what ex-
tent some of these had undergone dissolution
and/or transport to other sites is not possible
to say, inasmuch as the number of residual
fungus cells could not be counted. Levine and
Kong (4) also have observed spherules in
intramuscular sites for at least 30 days. How-
ever, radioactive spherule walls were essen-
tially undetectable in the footpad (sub-
cutaneous?) site of 20 days. It is apparent that
transport from the original depot and libera-
tion of antigen under the influence of the mam-
malian enzymes perhaps occurs slowly.
The sequential inflammatory response
showed an early, predominantly polymorpho-
nuclear, reaction followed by pus formation.
Later (at 1 to 2 weeks) the border of the
necrotic material was colonized by epithelioid
cells outside of which was the fibrous capsule.
The latter was well developed at 4 weeks, but
polymorphonuclear cells continued to be con-
spicuous in and around the fibrous zone. This
could also be true in hunian subjects receiv-
ing intramuscular coecidioidal vaccine, though
our experience with single doses up to 7.5 mg
of killed spherules indicates that the local le-
sion was no longer palpable after about 10
days (2).
Reaction to injection of spherulc vaccine in
mice which had received prior injections of
killed vaccine appeared no different from the
reaction in mice receiving their initial dose.
However, Savage (5) and Kong et at. (6) have
described altered cellular responses in spherule-
immunized mice within 4 days after chal-
lenge. It is likely that in the present study
the crucial period was missed, inasmuch as
the lesions were examined only at 1 week after
injection of antigen.
The large epithelioid cells and their honey-
comb arrangement had been noted by us in a
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Ftc. 4. Abscess at intramuscular site of injection of killed arthrospores at 2 weeks: 1—
fibrous and granulation tissue wall; 2—large epithelioid cells; 3—central zone of necrosis;
4—striated muscle fibers. H and E.
previous study in which viable, virulent C.
immitis was inoculated subcutaneously in
mice (7). The phagocytosis of sperules (Fig.
3A) suggests a functional identity as macro-
phages, though cytologic origin cannot at
present be further clarified. There is a resem-
blance to the lipid-laden histiocytes of the
human disorder, Nicmann-Pick's diseases (cf.
8), though such resemblance could also be
found to other histiocytic inclusions. It had
been considered possible that these cells rcprc-
sentcd altered adipose cells (7), though we
could not offer support for this. Current ex-
amination showed no staining of the periphery
of these cells with reticulum stain which does
stain intercellular areas of adipose tissue. We
have now observed similar cells in tissues of
the mouse where adipose tissue is not nor-
mally found, and with the evidence from the
present work, we feel that these cells are not
of adipose origin. The precise identity will
depend on further studies. In the earlier study
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FIG. 5A. Zone of epithelioid cells surrounded by fibrous capsule and inflammatory cells
and degenerating striated muscle, 3 weeks after intramuscular injection of killed Ipherules.
H and E.
FIG. 5B. Higher power view of epithelioid cells, 3 weeks after injection of spherules. A
crenated spherule (arrow) is visible within one of these cells. H and E.
FIG. 5C. Zone of epithehoid cells abutting on fibrous and granulation tissue rim of ab-
scess, 2 weeks after injection of mycelial vaccine. H and E.
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referred to above, it had been sbown that tbe
subcutaneous site has an arresting effect on
growth and multiplication of viable C. im-
mitis. The resulting lesion includes the large
cells just discussed. Their location, comparable
to that in the lesions induced by killed C. im-
mitis, is suggestive of a possible restraining
structure; however, the fibrous capsule present
in both types of lesion was a further barrier.
sUMMARy
Greater resistance against intranasal chal-
lenge with Coccidioides immiti,s has been in-
duced with killed spherules than with killed
hyphac or arthrosporcs. In an effort to learn
the basis of this difference in immunogcnicity,
histopathologic studies were made of the site
after intramuscular injection of formalin-
killed vaccines of these 3 morphologic forms.
Essentially no difference was noted in the ap-
pearance of the abscesses induced; a profuse
polymorphonuclear response being provoked
by the killed spherules also. Large cells with a
finely granular or reticulated cytoplasm con-
sidered to be histiocytes were noted between
the purulcnt center and the fibrous capsule of
the abscess within the first week and persisted
in the older lesions. While progressive fibrous
encapsulation developed, necrotic centers were
still apparent 1 month after injection of the
C. immitis cells. The duration of such ab-
scesses in the intramuscularly (deltoid) vac-
cinated man is not known, although no lesion
has been found on palpation after 2 weeks (2).
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